Although LTP did not affect the global firing rate, it developed place field only in the counterclockwise direction prior to LTP. After LTP, new place fields were exerted a profound effect on the behavior-related firing patterns of place cells. The animals were tested on an present in both directions ( Figure 3C ). Importantly, 5.5 hr after LTP induction, when the slope of the evoked elevated platform while searching for food. Place-correlated firing of parallel-recorded, multiple single neurons field response returned to pre-LTP level in this rat ( Figure  3D ), the neuron reinstated its direction-specific place was determined in four test sessions. The position of the rat, local EEG, and the spiking pattern and stability field at the original position on the track ( Figure 3E ). This observation suggests that cell firing was controlled by of unit activity were continuously monitored throughout the experiment (Figure 2 ). Between the test sessions, the the strongest synaptic input from a set of multiple existing synaptic pathways. Upon weakening of the potenrats were placed back in their home cage and allowed to sleep. Evoked responses were tested at the beginning tiated set of input, control was resumed by the original set. of sleep periods (10-20 pulses at 0.1 Hz; low-frequency stimulation, LFS) following the first and third test sesTo allow for the simultaneous comparison of multiple neurons, the smoothed firing rates were plotted as a sions. These control sessions served to assess the effects of handling, environment change ( Figure 4A ), but retained it while running counrode, is illustrated in Figure 3 . The neuron, shown in Figure 3A , had a similar place field during both directions terclockwise ( Figure 4B ). Cell #3 shifted its place field for both directions of movement. Cell #2 reduced its inof movement before LTP. Following the LTP-inducing trains, the neuron acquired a new place field during field firing rate (clockwise, Figure 4A ), whereas LTP had no significant effect on the remaining two place cells. counterclockwise laps but remained unchanged during clockwise runs both in terms of place-related firing and
The five neurons recorded with tetrode B (Figures 4C  and 4D ) showed only nonsignificant changes, compara-"in-field" firing rate. Thus, disregarding the direction of movement, the neuron possessed two place fields after ble in magnitude to those observed after LFS or when a single session was split into two subsessions. These LTP, perhaps reflecting two different sets of functional inputs ( Figure 3F ). The second neuron was not affected observations indicate that some neurons localized in the volume monitored by a single tetrode can be selectively by LTP and showed stable place field-related discharge in all sessions ( Figure 3B ). The third neuron had a wellaffected by LTP, leaving their peers unaffected. The shifts in place field position and in-field firing rate changes, place maps were first normalized by dividing To assess the effect of LTP at the population level, the difference between place field maps of CA1 and the rate map by the sum of firing rate calculated in each pixel of the place map and the same differences were CA3 pyramidal cells before and after LTP was compared with the difference between maps computed during the calculated and compared. Changes reflected in both nonnormalized and normalized place field maps were first and second run sessions (LFS control). For each cell and each type of stimulation, the two place maps further interpreted as changes in place field location, whereas changes in only nonnormalized maps were (one before and one after LFS or LTP) were pixel-bypixel subtracted and the absolute values of all the pixel considered to be rate changes within the same field. At the population level, LTP produced a significant shift in differences were added (see Experimental Procedures). For the place cell population, the place map differences place representation compared to control LFS (p Ͻ 0.05, sign test). Using an arbitrary criterion (LTP-induced produced by LFS were compared with those produced by LTP. LTP produced a significant change (firing rate change at least twice as large as LFS-induced change, red dots in Figure 5A ), 52 CA1 and CA3 place cells (35% and/or place shift) in place representation compared to Figures 8C and 8D, insets) . Nevertheless, the overall structure of place versus theta spatial representation is "compressed" into individual theta cycles in the time domain by coordinated phasecycle-related correlation was not altered by LTP (Figure 8D Figures 8A and 8B) . Conversely, 
